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Abstract 
The Shell Quest Carbon Capture and Storage (CCS) project will capture CO2 from the Scotford Upgrader Facility in Fort 
Saskatchewan, Alberta, Canada, and inject approximately 1 million tonnes of CO2 per annum over 25 years into the Basal 
Cambrian Sandstone aquifer. An MMV program has been designed and is being implemented. A key MMV component is the 
ongoing hydrological and geochemical monitoring of a number of groundwater wells. As part of the MMV process, this project 
has re-evaluated the shallow geology in the study area where necessary, and based upon this, defined four aquifers including the 
Surficial, Oldman, Foremost and Basal Belly River Sandstone (BBRS). Historic and ongoing groundwater monitoring data has 
been used to develop a hydrologic and geochemical baseline for the four target aquifers. Inferred regional groundwater flow 
directions and velocities have been calculated based upon the available hydraulic head, well pump test data and aquifer 
properties. Groundwaters from the Surficial, Oldman and Foremost aquifers cannot be separated based upon hydraulic head or 
upon aqueous chemistry. However, groundwater data from the BBRS aquifer suggests that the BBRS aquifer is hydraulically 
isolated from the overlying aquifers within the limits of the Quest Project Sequestration Lease Area (SQL). Based on the 
geochemical baseline, groundwater related solution chemical triggers are being defined which may be used to identity whether or 
not fluid and/or gas migration is occurring from the storage complex and, if that is the case, what impact those fluids and/or gas 
may have upon the potable groundwaters above the Base of Groundwater Protection (BGWP) across the SQL.  
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1. Introduction 
The Shell Quest Carbon Capture and Storage (CCS) project will capture CO2 from the Scotford Upgrader Facility 
in Fort Saskatchewan, Alberta, Canada, and inject it into the regionally extensive Basal Cambrian Sandstone [1]. 
The planned injection rate is slightly more than 1 million tonnes of CO2 per annum over a 25 year period and will 
commence injection in 2015. Three injection wells have been drilled and completed in the Basal Cambrian 
Sandstone at a depth of approximately 2 kilometers. A Measurement, Monitoring and Verification program (MMV) 
based upon regulatory guidelines and upon site specific risk assessments has been designed and implemented. It is 
discussed in detail by Bourne et al. [2]. The MMV includes a dedicated Hydrosphere-Biosphere Monitoring Plan 
(HBMP). 
Extensive site characterization activities were carried out by the Quest Project (1) to supplement existing datasets 
and (2) to help develop a study area scale geological and hydrostratigraphic framework and (3) to establish 
groundwater hydrogeological and hydrogeochemical baseline datasets. Ongoing regional and local monitoring have 
been continued in order to extend the datasets with high quality analytical data, to determine if any temporal 
changes are/have occurred prior to injection and to develop extensive high quality baseline datasets. This paper 
summarizes the results of a desk-based study which was carried out to integrate the various datasets and characterize 
the regional and local groundwater within the Quest Project Sequestration Lease Area (SQL). The overall goal of 
this study is to evaluate potential trigger conditions for monitoring physical and chemical groundwater parameters 
which may suggest a deviation from established baseline conditions based upon the characteristics of potable 
groundwater across the Quest project area. 
2. Methodology 
Prior to geological, water parameter and chemistry data assessment and filtering, the data collation resulted in 
over 5167 energy well records and over 4952 potable groundwater well records (with chemistry) available for 
evaluation. Activities pertinent to this study included: (1) sampling and analysis of potable water wells in 
conjunction with a geophysical survey (referred to as the seismic data set), (2) drilling, logging, coring and sampling 
of CO2 injector wells by Shell, and (3) the drilling of a number of shallow project-dedicated groundwater monitoring 
wells (part of the HBMP data set) which are monitored for static water elevation, fluid and well headspace gas 
chemistry on a quarterly basis. The HBMP dataset is supplemented by a number of privately owned landowner wells 
which are also monitored on a regular basis for static water elevation, fluid and gas chemistry. In addition to the data 
generated by the Quest Carbon Capture and Storage project characterization activities, a considerable amount of 
data exists from other sources. The main data source is the Alberta Groundwater Well Information Database [3] – a 
public domain data source which contains water well drilling reports, chemical analyses (up to the year 1986), water 
well pump test data and static water elevations. Other sources include relevant geological and hydrogeological 
regional studies and data, which include reports and digital data from the Alberta Geological Survey, the Alberta 
Energy Regulator (AER) Oil and Gas database and a number of regional hydrogeological studies in counties which 
intersect the SQL ([4] to [20]). 
The initial task for this study was the collation of the geological, hydrogeological and potable water chemistry 
data. It quickly became obvious that there were discrepancies between various studies and datasets, particularly for 
the geological model over the study area. These included aquifer and formation identification, geological structural 
top surface picks, formation subcrop edge locations, water well completion intervals and data transcription and data 
entry errors. These discrepancies are the result of different generations and scales of geological models, developed 
across the study and neighboring areas by different studies over many years. It was necessary to develop an 
internally consistent geological model from the Base of the Groundwater Protection (BGWP) to the topographic 
surface for the entire Quest project area. This geological model was based upon geological formation picks and 
structural top surfaces, including a two Township buffer zone around the study area in order to minimize edge 
effects during gridding, interpolation and subsequent geostatistical analyses. The use of the McKay Coal Zone and 
the Taber Coal Zone was critical in the identification and delineation of the defined aquifers. Consistent with 
previous potable aquifer classifications across the Quest project area, four distinct aquifers were defined. These 
included, from structurally and stratigraphically lowest to highest, the Basal Belly River Sandstone (BBRS), 
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Foremost, Oldman and Surficial aquifers. This aquifer classification was used as the basis for the structural, 
hydrogeological and groundwater chemistry data gridding and mapping. 
3. Findings and Discussion 
A fence diagram showing the spatial distribution of the aquifers is shown in Figure 1. This geological model was 
used to assign each water well completion to one or more defined aquifers. Open, uncased and straddled wells (i.e. 
completed over multiple aquifers) were identified and characterized, but were not used to construct the 
hydrogeological model as they lead to inconsistencies in interpretation. Calculated hydraulic head values for the four 
aquifers were evaluated and, except for the BBRS aquifer, were found to be consistent with the regional topography. 
Data for the BBRS are very limited, but if data from outside of the SQL area are included, the BBRS aquifer appears 
to be hydraulically and chemically isolated from the three overlying shallower aquifers. This isolation is due to the 
presence and apparent lateral continuity of the McKay Coal Zone across the SQL, based upon the difference in 
aquifer chemistry between the BBRS and the Foremost aquifers. Previous regional-scale mapping indicated that the 
McKay coal zone subcrop edge was located approximately N-S through the center of the study area and that the 
McKay was present only over the western half of the study area. 
 
Figure 1. Schematic geological fence diagram indicating the structural and hydrostratigraphical relationship of aquifers in the study area. Coal 
Zones are indicated by thick black and dashed lines. 
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Figure 2. Schematic image showing the stratigraphic and hydrostratigraphic framework used in the current study. 
Selected potable water well pump test data were used to assess the hydraulic conductivity and transmissivity of 
the four aquifers where appropriate data were available. These data were combined with calculated hydraulic head 
data to evaluate the inferred groundwater flow direction and flow magnitude. The results are summarized in figures 
3, 4 and 5 for the Surficial, Oldman and Foremost aquifers, respectively. 
Figure 3. Groundwater velocity (left figure) and inferred fluid flow direction (right figure) in the Surficial Aquifer. The maximum 
groundwater velocity is 6.43 metres per day (m/day). On the right figure, elevation refers to the topographic surface. Catchment 
drainage features are shown in blue, with the North Saskatchewan River flowing from the southwest to the east of the study area on 
the right figure. Note that the surface water bodies have been removed for clarity on the flow magnitude figure. 
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Figure 4. Groundwater velocity (left figure) and flow direction (right figure) in the Oldman Aquifer. The maximum ground water velocity is 2.73 
metres per day. On the right figure, the elevation refers to the stratigraphic top of the Oldman. In both figures, the absence of the Oldman Aquifer 
is identified by white thus the subcrop edge can be seen.  
In figures 3, 4 and 5, the locations of CO2 injection wells (with a 3.2 km radius buffer zone around the injectors) 
are shown as green, purple and blue circles. Indicative groundwater flow directions on these figures are generally 
consistent with flow from the higher land elevations to the river valleys. 
 Figure 5. Groundwater velocity (left figure) and flow direction (right figure) in the Foremost Aquifer. The maximum ground 
water velocity is 0.02 metres per day. On the right figure, the elevation refers to the stratigraphic top of the Foremost.  
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The hydrochemistry for groundwaters from the Surficial, Oldman and Foremost aquifers were consistent with the 
infiltration of HCO3--rich meteoric waters through the Surficial aquifer into the hydraulically connected underlying 
Oldman and Foremost aquifers, along with progressive geochemical reactions (i.e. ion-exchange). Baseline water 
elemental compositions and their respective ranges for each aquifer have been established. Figure 6 summarizes 
water compositions for the Surficial, Oldman and Foremost aquifers for the GIC, Seismic and HBMP datasets using 
Piper diagrams. It is clear that that the compositional variation for the Surficial, Oldman and Foremost aquifers are 
very similar for each of the data sets, with the exception of the BBRS which only has 5 chemical analyses in the 





















Figure 6. The compositional variation of GIC, Seismic Survey and HBMP (Q4-2012, Q1-2013, Q2-2013, Q3-2013, Q4-2013 and Q1-2014 
surveys) well data displayed for each aquifer using Piper diagrams. BBRS data are not shown due to insufficient water chemistry data. 
In Figure 7, the number of analyses that fall within a given Total Dissolved Solids (TDS) range for each aquifer 
is specified on the ordinate, while the range is specified on the abscissa, with the figure set (a) referring to the GIC 
dataset, (b) referring to the Seismic dataset and (c) referring to the HBMP dataset . There is a high degree of overlap 
of TDS for the Surficial, Oldman and Foremost aquifers. With the exception of one sample, the Foremost and 
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Oldman TDS values overlap and cannot be distinguished. There are only five chemical analyses available for 
groundwaters from the BBRS aquifer, all taken from the same well, of which four have the highest TDS values in 
the study area. If data filtering and culling criteria are relaxed, and samples from wells completed over multiple 
zones and outside of the direct study area are included, groundwater chemistry data from the BBRS aquifer has 
maximum TDS values well above 65,000 mg/l while the Foremost and Oldman do not exceed 15000 mg/l. This 
indicates that the BBRS is chemically isolated from the overlying aquifers in the SQL, and suggests that 
groundwaters from the Surficial, Oldman and Foremost aquifers may be combined for monitoring purposes. 
Additional chemical constituents, primarily major cations and anions, have also been examined (data not shown), 
and a number of statistical tests were applied. There were no clear chemical signals that would allow the separation 
of the Surficial, Oldman and Foremost aquifers based upon their groundwater compositions. 
Figure 7. The ranges and number of Total Dissolved Solids (TDS) values (mg/L) for each of the four aquifers. The GIC, Seismic and HBMP 
datasets were collated and then separated into the respective formations. 
In the hypothetical event that carbon dioxide were to migrate from the storage complex to the aquifers above the 
base of ground water protection, it is anticipated that one or more of the following could potentially be observed: (1) 
total dissolved inorganic carbon (TIC) in these groundwaters would increase due to the dissolution of CO2; (2) 
acidification of the groundwater may occur due to the dissociation of carbonic acid and equilibrium with bicarbonate 
ion; (3) the aqueous concentration of a number of different trace metals could increase, depending on the specific 
formation chemistry; and (4) that the stable carbon isotopic composition (δ13C) of the dissolved inorganic carbon 
species and/or dissolved carbon dioxide gas could change significantly, depending on the stable carbon isotopic 
composition of the injected carbon dioxide in the storage complex. In the hypothetical event that formation fluid 
from the Basal Cambrian Sandstone were to migrate into the aquifers above the base of ground water protection due 
to pressurization within the SQL, this could potentially be observed through an increase in calculated solution TDS 
values and component element concentrations. The range in composition and the spatial compositional distribution 
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of the aqueous chemistry of fluids from the Surficial, Oldman and Foremost aquifers will be used to define both 
aquifer specific and well-specific triggers that would help identify hypothetical scenarios of carbon dioxide and/or 
potential deep formation fluid migration into near surface potable water aquifers. 
4. Conclusion 
The available geological, hydrogeological and geochemical information for the Quest Carbon Capture and 
Storage project area were collated, evaluated and re-interpreted where necessary to establish a local-scale geological 
and hydrostratigraphical framework for the Quest study. An updated geological model for the shallow aquifers was 
developed and used to assign water well chemistry data and to allow the interpretation of hydrological and 
hydrogeochemical data. Regional groundwater flow directions and velocities have been calculated based upon 
available hydraulic head, well pump test data and aquifer properties. The water chemistry of each of the four 
aquifers have been evaluated with the conclusions that the Surficial, Oldman and Foremost aquifers are in hydraulic 
communication and show marked similarities in chemical composition, while the BBRS is, for all intents and 
purposes, isolated from the overlying aquifers within the limits of the SQL. The aquifer analytical data have been 
integrated and statistically evaluated. These data will be used for the identification and implementation of 
groundwater monitoring-based physical and chemical triggers within the overall groundwater monitoring program 
for the Quest Carbon Capture and Storage project.  
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